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(54) Method of producing ocular lens and holders for holding lens blank during cutting thereof 

(57) A method of producing an ocular lens, compris- 
ing the steps of: (a) preparing a lens blank (10) which 
gives an ocular lens, the lens blank having a concave 
back surface (12) and a convex front surface (14), at 
least a portion of the front surface being tapered to give 
a tapered surface (16); (b) forming a back curved sur- 
face (26) of the ocular lens by effecting a cutting oper- 
ation on the concave back surface of the lens blank, 
while the lens blank is supported on a spindle (22) of a 
back surface cutting device such that the tapered sur- 
face of the lens blank is drawn onto a tapered holding 
surface (32) of the spindle under a negative pressure 
applied to the lens blank, the tapered holding surface 
following a profile of the tapered surface of the lens 
blank; and (c) forming a front curved surface of the oc- 
ular lens by effecting a cutting operation on the front sur- 
face of the lens blank whose back surface has been cut 
to form the back curved surface (26), while the lens 
blank is supported on a spindle (46) of a front surface 
cutting device such that the back curved surface (26) of 
the lens blank is drawn onto a holding surface (56) of 
the spindle (46) of the front surface cutting device under 
a negative pressure applied to the lens blank. 




FIG. 2 
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Description 

[0001] The present application is based on Japanese 
Patent Application No. 9-206743 filed July 31 , 1 997 ; the 
content of which is incorporated hereinto by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a method of 
producing an ocular lens such as a contact lens or an 
intraocular lens, and lens blank holders and a lens blank 
loader/unloader, which are used in producing the ocular 
lens. More specifically, the present invention is con- 
cerned with such a method of producing an ocular lens 
by effecting cutting operations on a lens blank which 
gives one ocular lens, so that the produced ocular lens 
has desired front and back curved surfaces. The inven- 
tion also relates to lens blank holders for holding the lens 
blank, by which the lens blank is supported on a front 
and a back surface cutting device during the cutting op- 
erations on the lens blank for forming an intended ocular 
lens having the back and the front curved surfaces. The 
invention also relates to a lens blank loading and un- 
loading device, for loading and unloading the lens blank 
on and from the front or back surface cutting device 

\ 

Discussion of the Related Art 

[0003] In a conventional method of producing an oc- 
ular lens as disclosed in JP-A-1-101319 and JP-A- 
7-1 95556, for instance, a lens blank formed of a suitable 
material and having a size that gives an ocular lens is 
bonded to a lens blank holder, which is in turn attached 
to a spindle of a cutting device, so that the lens blank is 
machined for forming the intended ocular lens having a 
back and a front curved surface. In this method, one of 
the opposite surfaces of the lens blank is first machined 
while the other surface is bonded to the lens blank hold- 
er. Subsequently the lens blank is removed from the 
lens blank holder, and the above-indicated other surface 
which has been bonded to the lens blank holder is then 
machined while the above-indicated one surface which 
has been machined is bonded to.the lens blank holder. 
Thus, the opposite surfaces of the lens blank are ma- 
chined to give the desired back and front curved surfac- 
es of the ocular lens. 

[0004] In the method indicated above, however, it is 
required to bond the lens blank to the blank holder, re- 
move the lens blank therefrom, and clean the lens blank 
to remove the bonding agent after each of the opposite 
surfaces of the lens blank has been subjected to the cut- 
ting operation. Accordingly, the above method is cum- 
bersome and time-consuming, resulting in low produc- 
tion efficiency of the ocular lens. The cutting operations 
on the lens blank need to be effected by taking account 
of the thickness of a layer of the bonding adhesive ap- 



plied between each surface of the lens blank and the 
blank holder. However, it is difficult to effect the cutting 
operations on the lens blank for forming the ocular lens 
with high accuracy while accurately controlling the thick- 

5 ness of the adhesive layer. In some cases, the thickness 
of the obtained ocular lens may vary due to a variation 
of the thickness of the layer of the adhesive applied be- 
tween the lens blank surface and the lens blank holder. 
[0005] When the lens blank is bonded to the blank 

10 holder, the axis of the lens blank needs to be accurately 
positioned relative to the axis of the spindle of the cutting 
device, so that the produced lens has an optical axis. 
However, no technique has been established for assur- 
ing accurate and easy positioning of the lens blank rel- 

15 ative to the blank holder when the lens blank is bonded 
to the lens blank holder. It is accordingly difficult to ac- 
curately position the lens blank relative to the spindle of 
the cutting device. 

20 SUMMARY OF THE INVENTION 

[0006] It is therefore an object of the present invention 
to provide a method of producing an ocular lens by ef- 
fecting cutting operations on a lens blank. It is also an 

25 object of the present invention to provide lens blank 
holders and a lens blank loading and unloading device, 
which can be suitably used in producing the ocular lens. 
[0007] More specifically described, it is a first object 
of the present invention to provide a method of produc- 

30 ing an ocular lens from a lens blank, which permits easy 
attachment and removal of the tens blank to and from a 
spindle of a front or a back surface cutting device, so as 
to assure accuracy of positioning of the lens blank rela- 
tive to the spindle for producing the ocular lens having 

35 an intended optical characteristic, with high accuracy 
and production efficiency. 

[0008] It is a second object of the present invention to 
provide a lens blank holder for holding a lens blank dur- 
ing a back surface cutting operation of the blank, which 

40 lens blank holder permits the lens blank to be supported 
on a spindle of a back surface cutting device with high 
positioning accuracy, while permitting easy attachment 
and removal of the lens blank to and from the spindle, 
so that an intended ocular lens having a desired back 

^5 curved surface is produced with ease and high preci- 
sion. 

[0009] It is a third object of the present invention to 
provide a lens blank holder for holding an intermediate 
lens blank during a front surface cutting operation of the 
so lens blank whose back surface has been cut to form the 
back curved surface of an ocular lens, which lens blank 
holder permits the intermediate lens blank to be sup- 
ported on a spindle of a front surface cutting device with 
high positioning accuracy, while permitting easy attach- 
es ment and removal of the intermediate lens blank to and 
from the spindle, so that the intended ocular lens having 
a desired front curved surface is produced with ease and 
high precision. 
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[0010] It is a fourth object of the present invention to 
provide a lens blank loading and unloading device for 
loading and unloading a lens blank on and from a spin- 
dle of a surface cutting device, which device permits the 
lens blank to be easily supported on the spindle of the 
cutting device with high positioning accuracy and to be 
easily removed from the cutting device. 
[0011] The above first object of the present invention 
may be attained according to a first aspect of the inven- 
tion, which provides a method of producing an ocular 
lens, comprising the steps of: (a) preparing a lens blank 
which gives an ocular lens, the lens blank having a con- 
cave back surface and a convex front surface, at least 
a portion of the front surface being tapered to give a ta- 
pered surface; (b) forming a back curved surface ol the 
ocular lens by effecting a cutting operation on the con- 
cave back surface of the lens blank, while the lens blank 
is supported on a spindle of a back surface cutting de- 
vice such that the tapered surface of the lens blank is 
drawn onto a tapered holding surface of the spindle un- 
der a negative pressure applied to the lens blank, the 
tapered holding surface following a profile of the tapered 
surface of the lens blank; and (c) forming a front curved 
surface of the ocular lens by effecting a cutting operation 
on the frontsurface of the lens blank whose back sur- 
face has beerrcut to form the back curved surface, while 
the lens blank is supported on a spindle of a front surface 
cutting device suc^h that the back curved surface of the 
lens blank is drawn onto a holding surface of the spindle 
of the front surface cutting device under a negative pres- 
sure applied to the lens blank. 

[0012] In the method described above, the lens blank 
is subjected to cutting operations for forming the front 
and back curved surfaces of the intended ocular lens, 
with the lens blank being supported or held on the spin- 
dle of the front and back surface cutting devices with a 
suction force, i.e.. under a negative pressure applied to 
the lens blank. According to this method, the lens blank 
can be easily and quickly attached to and removed from 
the front or back surface cutting device, so as to assure 
a significantly improved production efficiency of the oc- 
ular lens, as compared with the conventional method in 
which the lens blank is bonded with an adhesive to a 
suitable device adapted to hold the lens blan k during the 
cutting operations. 

[0013] In the present method, {he lens blank can be 
positioned relative to the spindle of the back surface cut- 
ting device such that the tapered surface of the front sur- 
face of the lens blank is drawn onto the tapered holding 
surface provided on the side of the spindle of the front 
surface cutting device. Accordingly, the axis of the lens 
blank can be precisely and easily positioned relative to 
the axis of the spindle of the cutting device. In other 
words, the present method allows easy alignment of the 
optical center of the back curved surface of the ocular 
lens to be obtained, with respect to the axis of the spin- 
dle of the cutting device, while assuring excellent pro- 
duction efficiency. It is preferable to determine the taper 



angles of the tapered surface of the lens blank and the 
tapered holding surface of the back surface cutting de- 
vice such that the configuration of the lens blank is as 
similar as possible to that of the intended ocular lens, 

s for saving the required amount of the lens material to be 
used and for improving the efficiency of the cutting op- 
erations. In order to provide a sufficient force for holding 
the lens blank in place on the tapered holding surface 
of the spindle, the taper angles of the tapered surface 

io of the lens blank and the tapered holding surface pro- 
vided on the spindle of the back surface cutting device 
are preferably selected within a range of 80°-1 60°, more 
preferably 100°-140°. 

[0014] According to the present method, the back 
is curved surface of the intermediate lens blank is drawn 
onto the spindle of the front surface cutting device by a 
negative pressure. In this case, since the intermediate 
lens blank is drawn directly onto the holding surface of 
the front surface cutting device without an adhesive lay- 
er interposed therebetween, the lens blank can be 
formed into the intended ocular lens with high dimen- 
sional accuracy, with a high degree of control accuracy 
of the thickness of the lens blank. 
[0015] The lens blank used in the present invention 
may be obtained by cutting a bar-shaped contact lens 
material which is obtained from polymerization of a mon- 
omer liquid in a test tube, so that the lens blank has a 
suitable axial dimension. Alternatively, a mold is used 
for forming the lens blank, which mold has a mold cavity 
having a size that gives an ocular lens. In this case, the 
lens blank is formed concurrently with the polymeriza- 
tion of the monomer liquid which fills the mold cavity. For 
easily aligning the optical center of the front surface of 
the lens blank with the axis of the spindle of the back 
surface cutting device, at least a portion of the front sur- 
face of the lens blank is tapered. For instance, the ta- 
pered surface is formed at a radially inward, outward, or 
intermediate portion of the front surface of the lens 
blank. 

[0016] The lens blank used in the present invention 
has a profile or configuration similar to that of the intend- 
ed ocular lens, namely, the lens blank has a concave 
back surface and a convex front surface corresponding 
to those of the intended ocular lens. This arrangement 
requires a reduced amount of stock removal of the lens 
blank during the cutting operations, than where the oc- 
ular lens is fabricated by cutting a cylindrical lens blank, 
to thereby assure improved cutting efficiency and reduc- 
tion of the required amount of the lens material to be 
used. 

[001 7] In a first preferred form of the above first aspect 
of the present invention, the lens blank includes a flat 
surface formed at a central portion of the front surface 
thereof, which flat surface is perpendicular to an axis of 
the lens blank. According to this arrangement, the con- 
figuration of the lens blank is similar to that of the intend- 
ed ocular lens, resulting in further improved efficiency 
of the cutting operations and considerable reduction of 
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the required amount of the lens material. 
[001 8] The above second object of the present inven- 
tion may be attained according to a second aspect of 
the invention, which provides a lens blank holder for 
holding a lens blank which gives an ocular lens during s 
a cutting operation on a concave back surface of the 
lens blank to form a back curved surface of the ocular 
lens, the lens blank further having a convex front surface 
at least a portion of which is tapered to give a tapered 
surface, the lens blank holder having a concave holding 10 
surface for contact with the front surface of the lens 
blank for holding the lens blank thereon, the lens blank 
holder being mounted on a back surface cutting device 
for cutting the concave back surface of the lens blank, 
so that the lens blank is supported on the back surface is 
cutting device, the lens blank holder comprising: a first 
portion having a tapered holding surface which gives at 
least a portion of the concave holding surface and which 
follows a profile of the tapered surface of the convex 
front surface of the lens blank, the lens blank being po- 20 
sitioned relative to the lens blank holder such that the 
tapered surface of the lens blank contacts the tapered 
holding surface of the lens blank holder; and a second 
portion having at least one air passage which is open in 
the concave folding surface, the convex front surface 25 
of the lens blank being drawn onto the concave holding 
surface under a negative pressure applied through the 
at least one air passage. 

[0019] In the lens blank holder constructed as de- 
scribed above, the tapered surface of the lens blank is 30 
brought into contact with the tapered holding surface of 
the lens blank holder, so that the axis of the lens blank 
is easily and accurately brought into position with re- 
spect to the lens blank holder while at the same time the 
lens blank is prevented from moving out of position due 35 
to an external force applied thereto during the cutting 
operation, whereby the lens blank is effectively kept in 
position during the cutting operation. Further, the lens 
blank is drawn directly onto the concave holding surface 
of the lens blank holder under a negative pressure ap- 40 
plied thereto, without a bonding adhesive layer inter- 
posed therebetween. This arrangement permits easy 
attachment and removal of the lens blank to and from 
the lens blank holder while precisely positioning the lens 
blank relative to the :ens blank holder in the axial direc- 45 
tion as well as the radial direction. Therefore, with the 
present lens blank holder being mounted on the spindle 
of the back surface cutting device, the lens blank can 
be advantageously supported by the lens blank holder 
on the spindle of the back surface cutting device, to so 
thereby improve efficiency and working accuracy of the 
cutting operation for forming the back curved surface of 
the ocular lens. 

[0020] The configuration and number of the at least 
one air passage through which the negative pressure is 55 
applied to the lens blank are not particularly limited, pro- 
vided that each air passage is open in the tapered hold- 
ing surface of the lens blank holder for applying a suction 



force of the negative pressure to the lens blank which is 
placed on the tapered holding surface. For instance, the 
at least one air passage is a single air passage which is 
open in a central portion of the tapered holding surface. 
Alternatively, the at least one air passage may be a sin- 
gle or a plurality of annular slits, or a plurality of arcuate 
or circular holes which are spaced apart from each other 
at a suitable interval in the circumferential direction of 
the tapered holding surface. Further, at least a portion 
of the above-indicated second portion which is adjacent 
to the tapered holding surface may be formed of a po- 
rous metal material a porous ceramic material or a po- 
rous resin material, so as to provide a multiplicity of 
minute pores or openings which are open in the tapered 
holding surface. The cross sectional shape of each air 
passage may be circular, rectangular, or star-shaped, 
for instance. 

[0021] In a first preferred form of the above second 
aspect of the invention, the concave holding surface for 
contact with the convex front surface of the lens blank 
has a f rictional area which is formed of a material having 
a friction coefficient higher than that of the other area of 
the concave holding surface, so that the frictional area 
functions as a fixing surface for preventing displacement 
of the lens blank. 

[0022] According to this arrangement, the concave 
holding surface partially functions as the frictional area 
or fixing surface. In this case, the above-indicated other 
area of the concave holding surface is formed of a ma- 
terial that exhibits rigidity sufficient for holding the lens 
blank while preventing deformation thereof during the 
cutting operation. On the other hand, the frictional area 
or fixing surface is formed of a material that generates 
a sufficient friction force to prevent displacement of the 
lens blank during the cutting operation, so as to hold the 
lens blank in a predetermined position. In this arrange- 
ment, the lens blank is kept drawn onto the concave 
holding surface of the lens blank holder with high stabil- 
ity during the cutting operation for forming the back 
curved surface of the ocular lens while the lens blank is 
prevented from being deformed. Accordingly, the ob- 
tained ocular lens does not suffer from any deficiencies 
which arise from otherwise possible deformation and 
displacement of the lens blank, thereby improving cut- 
ting accuracy and stability in forming the back curved 
surface of the ocular lens. 

[0023] The tapered holding surface need not be 
formed over the entire area of the concave holding sur- 
face, and may be formed at any part of the concave hold- 
ing surface, as long as the tapered holding surface can 
be brought into abutting contact with the tapered surface 
of the lens blank for permitting easy positioning of the 
lens blank. The material of a non-frictional portion of the 
lens blank holder that gives the above-indicated other 
area of the concave holding surface and the material of 
a frictional portion that gives the frictional area are not 
particularly limited, but are suitably determined by taking 
account of the formability and the material of the other 
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portions of the lens blank, for example. It is preferable 
to use, as the material of the non-frictional portion, a 
highly rigid material such as a metal, or a synthetic resin 
materialsuch as an acrylic resin material which includes 
PMMA, po!ystylene : polyester, polycarbonate or ABS 
resin, for instance. On the other hand, the material of 
the frictional portion is suitably selected from a synthetic 
resin material such as a soft vinyl chloride resin, nylon 
or polyurethane, and an elastic material such as a sili- 
cone rubber or a fluoro rubber, all of which have an elas- 
tic coefficient lower than the material of the non-frictional 
portion, and a high friction coefficient so as to generate 
a large friction force with respect to the lens blank. For 
improving productivity and reducing the weight and the 
manufacturing cost of the lens blank holder, it is partic- 
ularly preferable to use PMMA for the non-frictional por- 
tion and the soft vinyl chloride resin for the frictional por- 
tion. 

[0024] In a second preferred form of the above sec- 
ond aspect of the present invention, the fixing surface 
is located at an outer peripheral portion of the concave 
holding-surface. This fixing surface may extend contin- 
uously ordiscontinuously in the circumferential direction 
of the concave holding surface. That is, the fixing sur- 
face may consist of a single annular area or a plurality 
of areas which are spaced from each other in the cir- 
cumferential direction of the concave holding surface. 
Generally, the outer peripheral portion of the ocular lens 
has a comparatively small optical importance than the 
central portion. In view of this, the central portion of the 
lens blank which is required to exhibit highly accurate 
optical characteristics is desirably held in contact with 
the corresponding central portion of the concave holding 
surface of the lens blank holder, which central portion is 
formed of a highly rigid material for the purpose of pre- 
venting the deformation of the lens blank, to thereby per- 
mit accurate cutting operation on the lens blank. On the 
other hand, the outer peripheral portion of the lens blank 
which is less likely to effect the optical characteristics of 
the obtained ocular lens is desirably held in contact with 
the fixing surface of the concave holding surface, which 
is formed of a material having a low elastic coefficient 
and a high friction coefficient, so that the lens blank is 
held in position by the fixing surface with high stability. 
[0025] In a third preferred form of the above second 
aspect of the present invention, the concave holding 
surface includes a recessed central portion, and the ta- 
pered holding surface which surrounds the recessed 
central portion contacts the front surface of the lens 
blank. 

[0026] In the lens blank holder constructed as de- 
scribed above, the recessed portion is formed at the 
central portion of the concave holding surface, and the 
front surface of the lens blank is spaced away from the 
the recessed central portion with a suitable spacing left 
therebetween when the lens blank is drawn onto the 
concave holding surface. This spacing between the cen- 
tral portion of the front surface of the lens blank and the 



recessed central portion of the concave holding surface 
is effective to accommodate or absorb any dimensional 
error (thickness variation, in particular) of the lens blank, 
so that only the tapered surface of the lens blank con- 
s tacts the tapered holding surface surrounding the re- 
cessed central portion, with high stability, to thereby as- 
sure accurate positioning of the lens blank relative to the 
lens blank holder. 

[0027] The configuration of the lens blank holder, and 
10 the shape and number of the at least one air passage 
are not particularly limited. In a fourth preferred form of 
the above second aspect of the present invention, the 
lens blank holder is a cylindrical structure which in- 
cludes: a mounting portion formed at one of opposite 
is axial ends thereof, and at which the lens blank holder is 
fixed to the back surface cutting device: the first portion 
having the tapered holding surface at the other axial 
end; and the second portion having the at least one air 
passage which is formed in the axial direction of the lens 
20 blank holder and which is open in a central portion of 
the concave holding surface. 

[0028] The lens blank holder constructed as de- 
scribed above is fixed at its mounting portion to the spin- 
dle of the back surface cutting device through a suitable 

25 chucking device. Accordingly, the lens blank which is 
held on the concave holding surface of the lens blank 
holder can be supported by the lens blank holder on the 
spindle of the back surface cutting device. In the lens 
blank holder according to the above form of the inven- 

30 tion, the air passage or passages is/are open in the cen- 
tral portion of the concave holding surface. Thus, this 
arrangement permits easy formation of the air passage 
or passages through which the negative pressure is ap- 
plied to the lens blank for drawing the lens blank onto 

35 the concave holding surface. 

[0029] The above third object of the present invention 
may be attained according to a third aspect of the inven- 
tion, a lens blank holder for holding an intermediate lens 
blank during a cutting operation on a convex front sur- 

^0 face of the lens blank to form a front curved surface of 
an ocular lens, the intermediate lens blank further hav- 
ing a concave back curved surface which has been 
formed by cutting : the lens blank holder including a con- 
vex holding surface for contact with the lens blank for 

45 holding the intermediate lens blank thereon, the lens 
blank holder being mounted on a front surface cutting 
device for cutting the convex front surface of the inter- 
mediate lens blank, so that the intermediate lens blank 
is supported on the front surface cutting device, the lens 

50 blank holder comprising: a first portion having said con- 
vex holding surface which has different radii of curvature 
at a central portion thereof and an outer peripheral por- 
tion thereof, convex holding surface following a profile 
of the concave back curved surface of the intermediate 

55 lens blank: and a second portion having at least one air 
passage v/hich is open in the convex holding surface, 
the concave back curved surface of the intermediate 
lens blank being drawn onto the convex holding surface 
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under a negative pressure applied through the at least 
one air passage. 

[0030] In the lens blank holder constructed as de- 
scribed above, the intermediate lens blank is held by 
and drawn onto the convex holding surface under a neg- 
ative pressure applied thereto, so that the intermediate 
lens blank can be easily attached to and removed from 
the lens blank holder. When the present lens blank hold- 
er is mounted on the spindle of the front surface cutting 
device, the intermediate lens blank is supported by the 
lens blank holder on the spindle of the cutting device, 
thereby improving efficiency of the cutting operation on 
the lens blank for forming the front curved surface of an 
intended ocular lens. 

[0031] The convex holding surface of the present lenf 
blank holder, onto which the back surface of the inter- 
mediate lens blank is drawn is a curved surface having 
different curvatures at its central and outer peripheral 
portions, so that the convex holding surface follows the 
profile of the concave back curved surface of the inter- 
mediate lens blank which has previously been formed. 
According to this arrangement, the intermediate lens 
blank is positioned relative to the convex holding surface 
of the blank holder, and is held in position in pressing 
contact with t^e convex holding surface, such that the 
central portions of the front surface of the lens blank and 
the convex holding surface of the blank holder are held 
in contact with each other, and such that the outer pe- 
ripheral portions of the front surface of the lens blank 
and the convex holding surface of the blank holder are 
held in contact with each other. Thus, this arrangement 
improves the efficiency and accuracy of the cutting op- 
eration on the lens blank for forming the front curved 
surface of the intended ocular lens. 
[0032] In the present lens blank holder, the interme- 
diate lens blank is drawn directly onto the convex hold- 
ing surface of the blank holder by application of the neg- 
ative pressure thereto without a bonding adhesive layer 
interposed therebetween, permitting accurate position- 
ing of the intermediate lens blank relative to the spindle 
of the cutting device in the axial direction as well as in 
the radial direction. Therefore, according to the present 
arrangement, the thickness of the intermediate lens 
blank can be precisely controlled, to thereby assure the 
accuracy of the cutting operation.^on the lens blank for 
forming the front curved surface. 
[0033] The configuration and number of the at least 
one air passage through which the negative pressure is 
applied to the lens blank are not particularly limited, pro- 
vided that each air passage is open in the convex hold- 
ing surface of the lens blank holder for applying a suction 
force of the negative pressure to the lens blank which is 
placed on the convex holding surface. For instance, the 
at least one air passage is a single air passage which is 
open in a central portion of the convex holding surface. 
Alternatively, the at least one air passage may be a sin- 
gle or a plurality of annular slits, or a plurality of arcuate 
or circular holes which are spaced apart from each other 



at a suitable interval in the circumferential direction of 
the convex holding surface. Further, the at least a por- 
tion of the above-indicated second portion which is ad- 
jacent to the convex holding surface may be formed of 

5 a porous metal material, a porous ceramic material or a 
porous resin material, so as to provide a multiplicity of 
minute pores of openings which are open in the tapered 
holding surface. The cross sectional shape of each air 
passage may be circular, rectangular, or star-shaped, 

10 for instance. The location of the opening of each air pas- 
sage is not particularly limited. However, when the open- 
ing is relatively large, it is preferably located at the outer 
peripheral portion of the convex holding surface, which 
contacts the outer peripheral portion of the lens blank. 

15 Since the outer peripheral portion of the ocular lens to 
be obtained from the intermediate lens blank has a 
smaller optical importance than the central portion, the 
opening is desirably located at the outer peripheral por- 
tion of the convex holding surface, for assuring high cut- 

20 ting accuracy by preventing deformation of the lens 
blank at its central portion which is required to have the 
desired optical characteristics. 

[0034] In a first preferred form of the above third as- 
pect of the present invention, the convex holding surface 
2S has an annular groove formed at a boundary between 
the central portion and the outer peripheral portion 
thereof. 

[0035] The annular groove formed as described 
above is effective to accommodate or absorb a misalign- 

30 ment of a point of transition of the radius of curvature in 
the intermediate lens blank with respect to a point of 
transition of the radius of curvature in the convex holding 
surface of the blank holder, which misalignment would 
be caused by dimensional errors of the convex holding 

35 surface and the intermediate lens blank, for instance. 
[0036] In a second preferred form of the above third 
aspect of the present invention, the convex holding sur- 
face onto which the concave back curved surface of the 
intermediate lens blank is drawn has a frictional area 

40 which is formed of a material having a friction coefficient 
higher than that of the other area of the convex holding 
surface, so that the frictional area functions as a fixing 
surface for preventing displacement of the intermediate 
lens blank. 

45 [0037] According to this arrangement, the frictional ar- 
ea of the convex holding surface functions as the fixing 
surface. In this case, the above-indicated other area of 
the convex holding surface is formed of a highly rigid 
material for holding the intermediate lens blank in a pre- 

so determined position while preventing deformation of the 
intermediate lens blank during the cutting operation. On 
the other hand, the fixing surface is formed of a material 
that generates a sufficient friction force to prevent dis- 
placement of the intermediate lens blank during the cut- 

55 ting operation, so that the intermediate lens blank is held 
in position with high stability. This arrangement allows 
the intermediate lens blank to be kept drawn on the con- 
vex holding surface of the lens blank holder with high 
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stability during the cutting operation for forming the front 
curved surface of the intended ocular lens while pre- 
venting deformation of the intermediate lens blank. Ac- 
cordingly, the obtained ocular lens does not suffer from 
any deficiencies which arise from otherwise possible de- s 
formation and displacement of the intermediate lens 
blank during the cutting operation, thereby improving 
cutting accuracy and stability in forming the front curved 
surface of the ocular lens. 

[0038] As in the lens blank holder used for the back 
surface cutting of the lens blank described above, the 
material of a non-frictional portion of the present lens 
blank holder which non-frictional portion gives the 
above-indicated other area of the convex holding sur- 
face, and the material of a frictional portion that gives 
the frictional area or fixing surface of the convex holding 
surface are not particularly limited, but are suitably de- 
termined by taking account of the formability and the 
material of the other portions of the lens blank, for ex- 
ample. It is preferable to use, as the material of the non- 
frictional portion, a highly rigid material such as a metal 
or a synthetic resin material such as an acrylic resin ma- 
terial which includes PMMA, polystylene, polyester, 
polycarbonate or ABS resin, for instance. On the other 
hand, the material of the frictional portion is suitably se- 
lected from a synthetic resin material such as a soft vinyl 
chloride resin, hybn or polyurethane, and an elastic ma- 
terial such as a silicone rubber or a fluoro rubber, all of 
which have an elastic coefficient lower than the non-fric- 
tional portion, and a high friction coefficient to generate 
a high friction force with respect to the lens blank. For 
improving productivity and reducing the weight and 
manufacturing cost of the lens blank holder, it is partic- 
ularly preferable to use PMMA for the non-frictional por- 
tion and the soft vinyl chloride resin for the frictional por- 
tion. 

[0039] In a third preferred form of the above third as- 
pect of the present invention, the fixing surface is locat- 
ed at the outer peripheral portion of the convex holding 
surface which has a radius of curvature different from 
that of the central portion. 

[0040] Generally, the outer peripheral portion of the 
ocular lens has a smaller optical importance than the 
central portion. In view of this, the central portion of the 
intermediate lens blank which is required to exhibit ex- 
cellent optical characteristics is desirably held in contact 
with the corresponding central portion of the convex 
holding surface of the lens blank holder, which central 
portion is formed of the highly rigid material for the pur- 
pose of preventing deformation of the intermediate lens 
blank, to thereby permit accurate cutting operation on 
the intermediate lens blank. On the other hand, the outer 
peripheral portion of the intermediate lens blank which 
is less likely to effect the optical characteristics of the 
obtained ocular lens is desirably held in contact with the 
fixing surface of the convex holding surface, which is 
formed of a material having a low elastic coefficient and 
a high friction coefficient, so that the intermediate lens 



blank is held in position with high stability 
[0041 ] In a fourth preferred form of the above third as- 
pect of the present invention, the lens blank holder is a 
cylindrical structure which includes: a mounting portion 
formed at one of opposite axial ends thereof, at which 
the lens blank holder is fixed to the front surface cutting 
device; a main body which functions as a part of the first 
portion and a part of the second portion; and a sleeve 
member which is formed of a material different from that 
of the main body and and which is fitted on an axial end 
portion of the main body remote from the mounting por- 
tion, the sleeve member cooperating with the main body 
to constitute the first and second portions, the outer pe- 
ripheral portion of the convex holding surface being pro- 
vided by an axial end face of the sleeve member remote 
from the mounting portion, and functioning as a fixing 
surface for preventing displacement of the intermediate 
lens blank on the convex holding surface, the at least 
one air passage including at least one opening which is 
open in the convex holding surface, at an interlace be- 
tween the main body and the sleeve member. 
[0042] In the lens blank holder constructed according 
to the above form of the invention the fixing sleeve is 
fitted on the main body, permitting a simple cylindrical 
structure which is easy to assemble. The convex holding 
surface of the present lens blank holder consists of the 
central portion provided by the main body having high 
rigidity, and the outer peripheral portion provided by. the 
fixing sleeve exhibiting an excellent property for retain- 
ing the lens blank in position owing to a friction force 
with respect to the concave back curved surface of the 
lens blank, in the present arrangement, the air passage 
or passages is/are easily formed such that at least one 
groove which is formed in the circumferential surface of 
one of the main body and the fixing sleeve is c!osed*by 
the circumferential surface of the other of the main body 
and the fixing sleeve, so that each groove is open in the 
convex holding surface, at the interface between the cir- 
cumferential surfaces of the main body and the sleeve 
member The thus constructed lens blank holder can be 
easily fixed to the spindle of the front surface cutting de- 
vice by using a suitable chucking device, for instance, 
whereby the lens blank is advantageously held by the 
lens blank holder on the spindle of the front surface cut- 
ting device. 

[0043] The above fourth object of the present inven- 
tion may be attained according to a fourth aspect of the 
invention, which provides a loading and unloading de- 
vice for loading and unloading a lens blank which gives 
an ocular lens, on and from a cutting device for effecting 
a cutting operation on a front surface or a back surface 
of the lens blank, the cutting device including a spindle 
and having a first holding surface provided on the spin- 
dle thereof, the lens blank being drawn onto the first 
holding surface under a negative pressure applied 
thereto during the cutting operation, the loading and un- 
loading device loading and unloading the lens blank on 
and from the first holding surface, the loading and un- 
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loading device comprising: (a) a sucker having a second 
holding surface which is opposed to the first holding sur- 
face of the cutting device and on which the lens blank 
is initially held under a negative pressure applied there- 
to, the sucker and the cutting device being movable rel- 
ative to each other so that the second holding surface 
is movable toward and away from the first holding sur- 
face; (b) negative pressure controlling means for con- 
trolling the negative pressure to be applied to the lens 
blank, so that the lens blank is loaded on and unloaded 
from the first holding surface when the first and second 
holding surfaces are located adjacent to each other; and 
(c) centering means for aligning axes of the first and sec- 
ond holding surfaces with each other, the centering 
means having a first tapered annular abutting surface 
disposed axially adjacent to and radially outwardly of the 
first holding surface, and a second tapered annular 
abutting surface disposed axially adjacent to and radi- 
ally outwardly of the second holding surface, the first 
and second tapered annular abutting surfaces being 
abuttable on each other to align the axes of the first and 
second holding surfaces when the first and second hold- 
ing surfaces are moved toward each other, the first and 
second tapered annular abutting surfaces being moved 
relative to each other during a relative movement of the 
sucker and the cutting device. 

[0044] In the loading and unloading device construct- 
ed according to the fourth aspect of the present inven- 
tion, the lens blank held by one of the first and second 
holding surfaces is transferred to the other of the first 
and second holding surfaces by removing the negative 
pressure from the above-indicated one surface and ap- 
plying the negative pressure to the above-indicated oth- 
er surface. According to this arrangement, the lens 
blank can be readily attached to and removed from the 
holding surface provided on the spindle of the cutting 
device for cutting the front or back surface of the lens 
blank, and accordingly the lens blank can be easily load- 
ed on and unloaded from the cutting device with high 
positioning accuracy. Thus, the ocular lens can be pro- 
duced with significantly improved efficiency. 
[0045] The lens blank holders constructed according 
to the above second and third aspects of the present 
invention, respectively, and the loading and unloading 
device constructed according to the above fourth aspect 
of the invention are preferably used in the method of pro- 
ducing the ocular lens according to the above first as- 
pect of the invention. However, the lens blank holders 
and the loading and unloading device of the present in- 
vention are used in ocular lens producing methods other 
than the method of the present invention. For example, 
the present lens blank holders and loading and unload- 
ing device may bo used whore one of the opposite sur- 
faces of the lens blank is subjected to a cutting operation 
with the other surface being drawn to the spindle of the 
cutting device by application of a negative pressure 
thereto, and the other surface is subsequently subjected 
to a cutting operation with the above-indicated one sur- 



face being bonded to a suitable jig. In this case, too, the 
cutting efficiency and accuracy are significantly im- 
proved. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] The above and optional objects, features, ad- 
vantages and technical significance of the present in- 
vention will be better understood by reading the follow- 
'0 ing detailed description of presently preferred embodi- 
ments of the invention, when considered in conjunction 
of the accompanying drawings, in which: 

Fig. 1 is an elevational view in axial cross section 
5 of a lens blank which is used in the process of pro- 
ducing an ocular lens according to the present in- 
vention; 

Fig. 2 is an elevational view in axial cross section 
of a lens blank holder used for a back surface cut- 
o Ung operation on the lens blank of Fig. 1 ; 

Fig. 3 is a left-side elevation of the lens blank holder 
of Fig. 2; 

Fig. 4 is an elevational view in axial cross section 
of a lens blank holder used for a front surface cutting 
5 operation on the lens blank of Fig. 1 ; 

Fig. 5 is a left-side elevation of the lens blank holder 
of Fig. 4; 

Fig. 6 is an elevational view in axial cross section 

of a lens blank loading and unloading device for 
o loading and unloading the lens blank on and from 

the holding surface provided on the spindle of a 

back surface cutting device; and 

Fig. 7 is an elevational view in axial cross section 

of the lens blank loading and unloading device of 
> Fig. 6, in an operating state different from that of 

Fig. 6. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

40 

[0047] Referring first to Fig. 1 , there is shown one ex- 
ample of a lens blank 10 which is used in the present 
method of producing an ocular lens. This lens blank 10 
has a thickness and a diameter which are larger than 

45 those of an ocular lens to be obtained therefrom, so that 
the lens blank 10 gives one intended ocular lens. De- 
scribed more specifically, the lens blank 10 has a circu- 
lar shape corresponding to a profile of the intended oc- 
ular lens, and a substantially constant thickness. One of 

$o the opposite surfaces of the lens blank 10 is a concave 
back surface 12 and the other surface is a generally con- 
vex front surface 14. The back surface 12 has a part- 
spherical concave shape which substantially follows the 
profile of the intended ocular lens while the front surface 

55 1 4 includes: an outer peripheral annular tapered surface 
16 whose radial dimension is slightly larger than a half 
of the diameter of the lens blank 10; and a central flat 
surface 1 £ perpendicular to the axis L of the lens blank 
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10. Although the taper angle a of the tapered surface 
16 as shown in Fig. 1 varies depending upon the profile 
of the ocular lens to be obtained, for instance, the taper 
angle is preferably selected within a range of 80 a -160° f 
so as to efficiently utilize the lens blank material and per- s 
mit the lens blank to be fixedly retained or held by a lens 
blank holder which is used in a back surface cutting op- 
eration on the lens blank described below. 
[0048] The lens blank 10 described above is formed 
by polymerization of a known monomer liquid which io 
gives a polymer for the intended ocular lens, for in- 
stance. Described more specifically, the lens blank 10 
is formed by using a mold having a mold cavity which 
gives the front and back surfaces 12, 14. The monomer 
liquid is injected into the mold cavity, and then polymery is 
ized to thereby provide the lens blank 10 having an in- 
tended configuration. The lens blank 10 may be other- 
wise formed. That is, a cylindrical lens material is first 
obtained by polymerization of the monomer liquid in a 
test tube. The obtained cylindrical lens material is then 20 
subjected to a turning operation with a suitable depth of 
cut, so as to reduce its outside diameter, so that a bar- 
shaped blank having a high degree of cylindricity is ob- 
tained. Then, a cut-off tool is fed at an angle relative to 
the axis of the bar-shaped blank with the blank being 25 
rotated about its axis, so that the bar-shaped blank is 
cut into a plurality of workpieces (lens blanks), each hav- 
ing a tapered convex front surface and a tapered con- 
cave back surface. Subsequently, the central portion of 
the tapered convex surface is removed for providing the 30 
flat surface 18, and the tapered concave surface is 
roughly machined into the part-spherical back surface 
12. Thus, the intended lens blank 10 shown in Fig. 1 is 
obtained. Where the lens blank 1 0 is obtained by cutting 
the bar-shaped blank described above, the back surface 35 
1 2 need not be machined into the part-spherical surface. 
[0049] For producing the intended ocular lens from 
the thus obtained tens blank 10, the back surface 12 of 
the lens blank 1 0 is first subjected to a cutting operation 
with the lens blank being supported on a back surface 40 
cutting device. In the back surface cutting operation on 
the lens blank 10, a lens blank holder 20 as shown in 
Figs. 2 and 3 is used. More specifically, the lens blank 
10 is fixedly supported, at its front surface 14, by the 
lens blank holder 20 which is clamped on a spindle 22 45 
of the back surface cutting device. Then, a cutting tool 
is fed relative to the lens blank 1 0 to cut the back surface 
12 into a desired back curved surface 26 as shown in 
Fig. 4 while the spindle 22 is rotated for rotating the lens 
blank 10 about its axis L. The cutting tool is replaced so 
with different one as needed after the back curved sur- 
face 26 is formed, for forming an edge portion 28 which 
provides the largest diameter (DIA) of the lens. 
[0050] The lens blank holder 20 used for the back sur- 
face cutting of the lens blank 1 0 is a cylindrical member ss 
having a suitable axial dimension and a circular cross 
sectional shape. The lens blank holder 20 includes a 
large-diameter mounting portion 30 located at one of its 



opposite axial ends. At this mounting portion 30, the lens 
blank holder 20 is fixedly attached to the spindle 22 of 
the back surface cutting device via a known chucking 
device 31 such as a collet chuck, such that the axes of 
the spindle 22 and the lens blank holder 20 are aligned 
with each other. The lens blank holder 20 has a concave 
holding surface 32 at the other axial end thereof remote 
from the mounting portion 30. The lens blank holder 20 
has an air passage 33 formed therethrough in its axial 
direction, in alignment with its axis, and is open in the 
central portion of the concave holding surface 32. Ac- 
cording to this arrangement, the concave holding sur- 
face 32 is an annular surface surrounding the opening 
of the air passage 33, and the entirety of the annular 
surface is tapered with its diameter continuously re- 
duced in the axial direction toward the mounting portion 
30, to thereby provide the tapered holding surface 32. 
In the present embodiment, the center of the tapered 
holding surface 32 lies on the axis of the lens blank hold- 
er 20. 

[0051 ] The tapered holding surface 32 is formed to fit 
the tapered surface 1 6 of the front surface 1 4 of the lens 
blank 10. The taper angle p of the surface 32 as shown 
in Fig. 2 is substantially equal to the taper angle a of the 
tapered surface 1 6 of the lens blank 1 0. In this arrange- 
ment, upon fixing of the lens blank 10 at the front surface 
14 to the tapered holding surface 32 of the lens blank 
holder 20, the tapered surface 16 of the lens blank 10 
can be brought into close contact with the tapered hold- 
ing surface 32 of the blank holder 20, whereby the axis 
of the lens blank 10 can be aligned with the axis of the 
lens blank holder 20. 

[0052] The lens blank holder 20 has a three-layer 
structure at the axial end on the side of the concave 
holding surface 32. Described in detail, the lens blank 
holder 20 has a small-diameter portion 36 formed at the 
axial end remote from the large-diameter mounting por- 
tion 30, such that these portions 30, 36 are integral with 
each other and cooperate to constitute a main body 34 
of the lens blank holder 20. On this small-diameter por- 
tion 36 : a fixing sleeve 38 and a protective sleeve 40 
each having a cylindrical shape are fitted in this order, 
and bonded to one another as needed. 
[0053] The axial end face of the main body 34 coop- 
erates with the axial end face of the fixing sleeve 38 to 
provide the above-indicated concave holding surface 
32. In the present embodiment, the main body 34 and 
the protective sleeve 40 are formed of a highly rigid ma- 
terial in an attempt to hold the lens blank and prevent 
the lens blank from being deformed due to an external 
force applied thereto during the cutting operation. Ex- 
amples of such a highly rigid material include: a metal 
material such as an aluminum alloy or a steel; and a 
hard synthetic resin such as an acrylic resin which in- 
cludes PMMA, polystyrene, polyester, polycarbonate or 
an ABS resin. On the other hand, the fixing sleeve 38 is 
formed of a material having a high friction coefficient so 
as to generate a large friction force with respect to the 
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lens blank 10 for the purpose of preventing the lens 
blank 10 from moving out of position. For instance, the 
fixing sleeve 38 is formed of a soft synthetic resin such 
as a soft vinyl chloride resin or polyurethane, or an elas- 
tic material, which is softer than the material of the main 
body 34. According to this arrangement; the tapered 
holding surface 32 which contacts the tapered surface 
1 6 of the lens blank 1 0 consists of a central portion which 
is given by the axial end face of the highly rigid main 
body 34, and an outer peripheral portion which is given 
by the axial end face of the soft fixing sleeve 38. 
[0054] The lens blank 1 0 is supported by the thus con- 
structed lens blank holder 20 on the spindle 22 of the 
back surface cutting device in the following manner. In- 
itially, the lens blank holder 20 is fixed at its mounting 
portion 30 to the spindle 22 of the back surface cutting 
device through a suitable chucking device, for instance. 
Then, the air passage 33 formed in the lens blank holder 
20 is connected to a negative pressure source via an air 
conduit, so that the front surface 14 of the lens blank 10 
is drawn onto the tapered holding surface 32 of the lens 
blank holder 20 under a negative pressure, such that 
the tapered surface 16 of the lens blank 10 is held in 
contact with the tapered holding surface 32, whereby 
the lens blan^10 is held on the tapered holding surface 
32 by the negative pressure applied through the air pas- 
sage 33. 

[0055] According to this arrangement, the axis of the 
lens blank 10 is aligned with the axis of the spindle 22 
of the back surface cutting device by the abutting con- 
tact of the tapered surface 16 of the lens blank 10 with 
the tapered holding surface 32 of the lens blank holder 
20. Further, the lens blank 10 is prevented from being 
displaced in the radial direction on the holding surface 
32 owing to the pressing contact of the two tapered sur- 
faces 16, 32 with each other. In this arrangement, the 
central portion of the lens blank 1 0 is held in contact with 
the corresponding central portion of the tapered holding 
surface 32, which central portion is provided by the high- 
ly rigid main body 34 so as to prevent deformation of the 
lens blank 10, while the outer peripheral portion of the 
lens blank 10 is held in contact with the corresponding 
outer peripheral portion of the tapered holding surface 
32, which portion is provided by the fixing sleeve 38 
formed of the material having a hjgh friction coefficient, 
whereby the lens blank 10 is prevented from moving in 
the circumferential direction. Thus, the lens blank 1 0 can 
be kept in an appropriate position relative to the spindle 
of the back surface cutting device by the pressing con- 
tact of the two tapered surfaces 16, 32 with each other. 
It is noted that the outer peripheral portion of the tapered 
holding surface 32 provided by the fixing sleeve 38 func- 
tions as an annular fixing surface extending continuous- 
ly in the circumferential direction of the holding surface 
32. 

[0056] The present lens blank holder 20 permits the 
lens blank 1 0 to be easily attached to and removed from 
the back surface cutting device, and at the same time, 



to be fixedly supported on the back surface cutting de- 
vice, so that the cutting operation on the back surface 
12 of the lens blank 1 0 can be effected with high stability 
and accuracy, resulting in precise and efficient formation 

5 of an intended back curved surface 26 of an ocular lens 
to be produced. The back curved surface 26 has differ- 
ent curvatures at its central portion which is to be placed 
substantially on the cornea of the eye and gives an ef- 
fective optical diameter, and at its outer peripheral por- 

10 tion located radially outwardly of the central portion, so 
as to assure good circulation of the tear fluid between 
the surfaces of the eye-ball and the ocular lens, when 
the obtained ocular lens is used as a contact lens. In 
most cases, the outer peripheral portion of the lens has 

15 a radius of curvature which is larger than that of the cen- 
tral portion. 

[0057] After the back surface 12 of the lens blank 10 
is cut to form the back curved surface 26, the air pas- 
sage 33 is disconnected from the negative pressure 

20 source to remove the lens blank 10 from the lens blank 
holder 20. Subsequently, the lens blank 10 is supported 
on a front surface cutting device for cutting the front sur- 
face 1 4. In the front surface cutting operation of the lens 
blank 1 0, a tens blank holder 44 as shown in Figs. 3 and 

25 4 is used. More specifically, the intermediate lens blank 
10 whose back surface 1 2 has been cut to form the back 
curved surface 26 is fixedly supported by the lens blank 
holder 44 on a spindle 46 of the front surface cutting 
device. Then, a cutting tool is fed relative to the lens 

30 blank 1 0 to cut the front surface 1 4 into an intended front 
curved surface of the tens while the spindle 46 is rotated 
for rotating the lens blank 10 about its axis M. 
[0058] The lens blank holder 44 used for the front sur- 
face cutting of the lens blank 10 is a cylindrical member 

35 having a suitable axial dimension and a circular cross 
sectional shape. The lens blank holder 44 includes a 
large-diameter mounting portion 52 at one of its oppo- 
site axial ends. At this mounting portion 52, the lens 
blank holder 44 is attached to the spindle 46 of the front 

40 surface cutting device via a known chucking device 54 
such as a collet chuck, such that the axes of the spindle 
46 and the lens blank holder 44 are aligned with each 
other. The lens blank holder 44 has a convex holding 
surface 56 at the other axial end remote from the large- 

45 diameter mounting portion 52. The convex holding sur- 
face 56 has a substantially part-spherical shape and 
protrudes in the axial direction away from the mounting 
portion 52 

[0059] The lens blank holder 44 has a two-layer struc- 
50 ture at the axial end portion on the side of the convex 
holding surface 56. Described in detail, the lens blank 
holder 44 has a small-diameter portion 60 formed at the 
axial end remote from the large-diameter mounting por- 
tion 52, such that these portions 52, 60 are integral with 
55 each other and cooperate to constitute a main body 58 
of the lens blank holder 44. On this small-diameter por- 
tion 60, a cylindrical fixing sleeve62 is fitted, and bonded 
to each other as needed. 
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[0060] In the present embodiment, the main body 58 
is formed of a highly rigid material in an attempt to hold 
the lens blank 10 and prevent the lens blank 10 from 
being deformed due to an external force applied thereto 
during the cutting operation. Examples of such a highly 
rigid material include: a metal material such as an alu- 
minum alloy or a steel; and a hard synthetic resin such 
as PMMA or an ABS resin. On the other hand, the fixing 
sleeve 62 is formed of a material having a high friction 
coefficient so as to generate a large friction force with 
respect to the lens blank 1 0, for the purpose of prevent- 
ing the intermediate lens blank 10 from moving out of 
position. For instance, the fixing sleeve 62 is formed of 
a soft synthetic resin such as a soft vinyl chloride resin 
or polyurethane, or an elastic material, which is softer 
than the material for the main body 58. 
[0061] According to the arrangement described 
above, the axial end faces of the main body 58 and the 
fixing sleeve 62 cooperate with each other to provide 
the convex holding surface 56. In this arrangement, the 
central. portion of the convex holding surface 56 is given 
by the axial end face of the highly rigid main body 58, 
while the outer peripheral portion thereof is given by the 
soft fixing sleeve 62. The thus formed convex holding 
surface 56 fits the back curved surface 26 of the inter- 
mediate lens Djank 10. Namely, when the intermediate 
lens blank 10 is cut at its front surface 14 to form a con- 
tact lens whose fc^ack curved surface 26 has different 
curvatures at its central and outer peripheral portions, 
the back curved surface 26 is brought into contact with 
the convex holding surface 56 of the lens blank holder 
44. 

[0062] In the present embodiment, the radius of cur- 
vature R1 of the central portion of the convex holding 
surface 56 given by the axial end face of the main body 
58 is equal to the radius of curvature of the central por- 
tion of the back curved surface 26 of the intermediate 
lens blank 1 0. On the other hand, the radius of curvature 
R2 of the outer peripheral portion of the convex holding 
surface 56 given by the axial end face of the fixing sleeve 
62 is equal to the radius of curvature of the outer periph- 
eral portion of the back curved surface 26 of the inter- 
mediate lens blank 10. In this arrangement, the point of 
transition or change of the radius of curvature on the 
convex holding surface 56 lies on the boundary between 
the axial end faces of the main body 58 and fixing sleeve 
62. In ordinary contact lenses, the radius of curvature 
R1 is made smaller than the radius of curvature R2. 
[0063] The main body 58 has a central hole 64 which 
extends therethrough in the axial direction from the 
large-diameter mounting portion 52 toward the small-di- 
ameter portion 60, and a circumferential groove 66 
which is open in the outer circumferential surface of the 
small-diameter portion 60. In the main body 58, there 
are also formed four radial communication holes 68 
each of which extends in the radial direction at one of 
the opposite ends of the central hole 64 remote from the 
mounting portion 52. These holes 68 are open to the 



circumferential groove 66, so as to connect the central 
hole 64 and the circumferential groove 66 with each oth- 
er. A plurality of axial grooves 70 are formed in the outer 
circumferential surface of the small-diameter portion 60 
5 of the main body 58, such that the axial grooves 70 ex- 
tend in the axial direction from the circumferential 
groove 66 so as to be open in the convex holding surface 
56. The axial grooves 70 are spaced apart from each 
other at a suitable interval in the circumferential direction 
io of the small-diameter portion 60. The circumferential 
groove 66 and the axial grooves 70 which are formed 
on the outer circumferential surface of the small-diam- 
eter portion 60 of the main body 58 are closed by the 
inner circumferential surface of the fixing sleeve 62 
is which is fitted on the main body 58. In the thus construct- 
ed lens blank holder 44, the central hole 64, the com- 
munication holes 68, the circumferential groove 66 and 
the axial grooves 70 cooperate with one another to con- 
stitute an air passage 72 which is open in the convex 
holding surface 56. In this arrangement, the air passage 
72 has a plurality of openings in the convex holding sur- 
face 56 at the axial ends of the axial grooves 70, which 
openings are aligned along the boundary of the central 
and outer peripheral portions of the convex holding sur- 
face 56, at which the point of transition of the curvature 
is located. The plurality of openings in the convex hold- 
ing surface 56 are connected with one another by a cir- 
cular groove 74 which extends along the boundary of 
the central portion and the outer peripheral portion of 
the convex holding surface 56 in the circumferential di- 
rection thereof. 

[0064] The lens blank 10 is supported by the lens 
blank holder 44 constructed as described above on the 
spindle 46 of the front surface cutting device in the fol- 
lowing manner. Initially, the lens blank holder 44 is fixed 
at its mounting portion 52 to the spindle 46 of the front 
surface cutting device through a suitable chucking de- 
vice, for instance. Then, the air passage 72 is connected 
to a negative pressure source via an air conduit, so that 
the back curved surface 26 of the intermediate lens 
blank 10 is drawn onto the convex holding surface 56 of 
the lens blank holder 44 under a negative pressure. 
Thus, the intermediate lens blank 10 is held on the con- 
vex holding surface 56 by the negative pressure applied 
through the air passage 72. 

[0065] The intermediate lens blank 10 is held by the 
convex holding surface 56 of the lens blank holder 44, 
such that the back curved surface 26 is held in close 
contact with the convex holding surface 56 over the en- 
tire surface thereof. In the present embodiment, the con- 
vex holding surface 56 of the lens blank holder 44 has 
different curvatures at its central and outer peripheral 
portions, so as to conform to the profile of the back 
curved surface 26 of the intermediate lens blank 1 0. Ac- 
cording to this arrangement, the axis of the intermediate 
lens blank 10 can be easily aligned with that of the con- 
vex holding surface 56, and the intermediate lens blank 
10 is positioned relative to the lens blank holder 44 with 
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high accuracy. Further, the intermediate lens blank 10 
held on the convex holding surface 56 is prevented from 
moving out of position. 

[0066] In the present embodiment, the convex holding 
surface 56 is provided by the central portion which is 
given by the axial end face of the main body 58 formed 
of the highly rigid material described above, and the out- 
er peripheral portion which is given by the axial end face 
of the fixing sleeve 62 formed of the material having a 
high friction coefficient. In this arrangement, the central 
portion of the intermediate lens blank 10 which has a 
significant influence on the optical characteristics of the 
ocular lens to be produced is held in contact with the 
corresponding central portion of the convex holding sur- 
face 58 of the lens blank holder 44, which central portiqp 
is given by the highly rigid main body 58. so as to prevent 
the deformation of the intermediate lens blank 10, while 
the outer peripheral portion of the lens blank 10 which 
has a relatively small optical importance is held in con- 
tact with the corresponding outer peripheral portion of 
the convex holding surface 58, which portion is given by 
the fixing sleeve 62 formed of the material having a high 
friction coefficient, whereby the lens blank 1 0 is kept in 
an appropriate position by the pressing contact with the 
outer peripheral portion of the convex holding surface 
56. In this respect, the outer peripheral portion of the 
convex holding surface 56 which is given by the fixing 
sleeve 62 functions as an annular fixing surface. 
[0067] According to the present embodiment, the in- 
termediate lens blank 10 can be easily and quickly at- 
tached to and removed from the front surface cutting de- 
vice via the present lens blank holder 44 constructed as 
described above. Further, the present lens blank holder 
44 permits the lens blank 10 to be fixedly supported on 
the front surface cutting device, whereby the front sur- 
face cutting operation on the intermediate lens blank 10 
can be effected with high stability and precision, result- 
ing in precise and efficient formation of an intended front 
curved surface of the ocular lens. 
[0068] In effecting the cutting operations on the lens 
blank 10 for forming the intended front and back curved 
surfaces by using the present lens blank holders 20 : 44, 
a lens blank loading and unloading device 80 (hereinaf- 
ter referred to as "loader/unloader") as shown in Figs. 6 
and 7 is suitably used for loading the lens blank 10 on 
the holding surfaces 32, 56 of the lens blank holders 20, 
44 : and unloading the lens blank 10 therefrom after the 
cutting operations. There will be next described one ex- 
ample of suoh a loader/unloader for loading and unload- 
ing the lens blank 1 0 on and from the spindle of the back 
surface cutting device via the lens blank holder 20 de- 
scribed above. 

[0069] The loader/unloader 80 includes a planar base 
member 82 which is opposed to the working end of the 
spindle 22 of the back surface cutting device. On the 
base member 82, a cylindrical support member 86 hav- 
ing a relatively large thickness is mounted so as to face 
!he spindle 22. The support member 86 is fixed to the 



base member 82 via a fixing sleeve 84 which is bolted 
to the base member 82. This support member 86 con- 
sists of a first cylindrical member 88 and a second cy- 
lindrical member 90 which are bolted to each other in 

s the axial direction, and is air-tightly fitted in the fixing 
sleeve 84 via a sealing member 92 interposed therebe- 
tween. At one of the opposite axial ends of the support 
member 86 remote from the base member 82, there is 
provided a cylindrical protruding portion 94 having a 

10 large diameter and extending in the axial direction to- 
ward the spindle 22 of the back surface cutting device. 
Within the cylindrical protruding portion 94, a sucker 96 
is accommodated and fixed to the support member 86. 
[0070] The sucker 96 is a cylindrical member having 

15 a circular cross sectional shape, and has an outward 
flange 98 extending radially outwardly at one of its op- 
posite axial ends on the side of the base member 82, 
and a convex suction surface 1 00 at the other axial end, 
which suction surface 100 is shaped to follow the con- 

20 tour of the back surface 12 of the lens blank 10 to be 
loaded on the spindle 22. The sucker 96 is fixed at its 
outward flange 98 functioning as a fixing portion, to the 
axial end face of the support member 86, by a retainer 
ring 102 which meshes with an internal thread formed 

25 on the inner circumferential surface of the protruding 
portion 94. The sucker 96 is forced onto the axial end 
face of the support member 86 via an O-ring 104 inter- 
posed therebetween. 

[0071] The sucker 96 is formed with a plurality of air 

30 passages 1 06 formed therethrough in the axial direction 
and open in the suction surface 1 00. These air passages 
106 are connected to an inner bore 108 of the support 
member 86 : which is in turn connected to an external 
air conduit 1 1 1 via a connecting hole 1 1 0 formed through 

35 the base member 82. The air passages 106 are con- 
nected to a negative pressure source through the inner 
bore 108, the connecting hole 110 and the air conduit 
111, whereby the back surface 12 of the lens blank 10 
is drawn onto the suction surface 100 under a negative 

40 pressure applied thereto through the air passages 106. 
[0072] The loader/unloader 80 constructed as de- 
scribed above is driven by suitable drive means such as 
a hydraulically or pneumatically operated cylinder, such 
that it is movable in the axial direction toward and away 

45 from the spindle 22 of the back surface cutting device. 
In this arrangement, when the loader/unloader 80 is 
moved toward the spindle 22, the lens blank 10 held by 
the suction surface 100 of the sucker 96 is loaded on 
the concave holding surface 32 of the lens blank holder 

so 20 that is installed on the spindle 22 of the back surface 
cutting device. 

[0073] The spindle 22 of the back surface cutting de- 
vice on which the lens blank holder 20 is installed has 
an integral annular support portion 112 at the working 
55 end. This support portion 112 has a relatively large di- 
ameter and extends in the axial direction so as to face 
the protruding portion 94 of the loader/unloader 80. 
Within the support portion 1 1 2, the lens blank holder 20 
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is accommodated and fixed at its mounting portion 30 
to the spindle 22 : by means of a retainer ring 114 that 
meshes with an internal thread formed on the inner cir- 
cumferential surface of the support portion 1 1 2. The lens 
blank holder 20 is forced onto the axial end face of the 5 
spindle 22 through an O-ring 116 interposed therebe- 
tween. The spindle 22 has a central hole 117 formed 
therethrough in the axial direction and connected to the 
air passage 33 of the lens blank holder 20, so that the 
lens blank 1 0 is drawn onto the concave holding surface i o 
32 of the lens blank holder 20 under the negative pres- 
sure applied through the central hole 117 and the air 
passage 33. 

[0074] The bade r/un loader 80 has centering means 
for aligning the axes of the suction surface 100 of the is 
sucker 96 and the concave holding surface 32 of the 
lens blank holder 20 with each other. Described more 
specifically, the centering means is constituted by an ax- 
ial end face 120 of the protruding portion 94 functioning 
as a first annular abutting surface, and an axial end face 20 
118 of the support portion 112 functioning as a second 
annular abutting surface. These first and second annu- 
lar abutting surfaces 113, 120 are in mutually facing re- 
lationship with each other in the axial direction, and are 
adapted to be- held in abutting contact with each other 2s 
when the loader/unloader 80 is moved to the spindle 22. 
[0075] The first abutting surface 1 20 of the protruding 
portion 94 is tapered with its inside diameter continu- 
ously reduced in the axial direction in which the loader/ 
unloader 80 is moved away from the spindle 22, while 30 
the second abutting surface 118 of the support portion 
1 1 2 is tapered with its outside diameter continuously re- 
duced in the same axial direction as indicated above. 
The taper angle of the first and second abutting surfaces 
1 20, 1 1 8 is determined such that these first and second 35 
abutting surfaces 1 20, 1 1 8 are held in close contact with 
each other when the loader/unloader 80 is moved to the 
spindle 22. The axis of the tapered abutting surface 1 20 
of the protruding portion 94 is aligned with the axis of 
the suction surface 100 of the sucker 96, while the axis 40 
of the tapered abutting surface 118 of the support por- 
tion 112 is aligned with the axis of the concave holding 
surface 32 of the lens blank holder 20. 
[0076] The lens blank 10 is loaded onto the concave 
holding surface 32 of the lens blank holder 20 installed 45 
on the spindle 22 of the back surface cutting device, by 
using the present loader/unloader 80, in the following 
manner. Initially, the loader/unloader 80 opposed to the 
spindle 22 oi the back surface cutting device is spaced 
from the spindle 22 by a suitable axial distance there- so 
between, shown in Fig. 6. Then, the connecting hole 1 1 0 
of the loader/unloader 80 is connected to the negative 
pressure source, so as to suck the lens blank 10 onto 
the suction surface 100 of the sucker 96. In this state, 
the loader/unloader 80 is moved toward the spindle 22 ss 
of the cutting device, until the first abutting surface 120 
of the protruding portion 94 of the loader/unloader 80 
abuts on the second abutting surface 1 1 8 of the support 



portion 112 of the spindle 22. The loader/unloader 80 
may be moved toward the spindle 22 for the abutting 
contact of the first and second abutting surfaces 120, 
118 while one or both of the loader/unloader 80 and the 
spindle 22 is/are rotated about their axes. When the 
spindle 22 is adapted to rotate, the support member 86 
and the sucker 96 of the loader/unloader 80 may be ro- 
tatabiy supported by the fixing sleeve 84 about its axis, 
by means of bearings, for instance. In this case, the sup- 
port member 86 and the sucker 96 are rotated with the 
spindle 22 when the first and second abutting surfaces 
120, 118 abut on each other. 

[0077] With the first abutting surface 120 of the pro- 
truding portion 94 and the second abutting surface 118 
of the support portion 112 being held in abutting contact 
with each other, the central hole 1 17 of the spindle 22 is 
connected to the negative pressure source for applying 
the negative pressure to the lens blank 10 through the 
central hole 117 and the air passage 33. At the same 
time, the connecting hole 110 of the loader/unloader 80 
is disconnected from the negative pressure source and 
brought into communication with the atmosphere. Ac- 
cording to this arrangement, the lens blank 10 held on 
the suction surface 100 of the loader/unloader 80* is 
loaded onto the concave holding surface 32 of the lens 
blank holder 20, and is held thereon by suction of the 
negative pressure applied through the central hole 117 
and the air passage 33. For smoothly loading and un- 
loading the lens blan k 1 0 on and from the concave hold- 
ing surface 32 of the lens blank holder 20 installed on 
the spindle 22, and reducing an impact on the lens blank 
10 which would be caused by the abutting contact of the 
lens blank 1 0 with the concave holding surface 32 or the 
suction surface 100 when the lens blank 10 is loaded 
on or unloaded from the concave holding surface 32 by 
the negative pressure applied thereto, the axial distance 
between the suction surface 100 of the loader/unloader 
80 and the concave holding surface 32 of the lens blank 
holder 20 when the first abutting surface 1 20 of the pro- 
truding portion 94 and the second abutting surface 118 
of the support portion 112 are held in abutting contact 
with each other, is determined such that the axial dis- 
tance between the front or back surface of the lens blank 
10 held by one of the suction surface 100 and the con- 
cave holding surface 32, and the other of the suction 
surface 100 and the concave holding surface 32 on 
which the lens blank 1 0 is to be loaded is about 0. 1 mm. 
[0078] In the present arrangement, the tapered first 
abutting surface 1 20 of the protruding portion 94 and the 
tapered second abutting surface 118 of the support por- 
tion 112 are formed coaxially with the concave holding 
surface 32 and the suction surface 100, on which the 
lens blank is held by suction of the negative pressure. 
According to this arrangement, when the first and sec- 
ond abutting surfaces 120, 118 abut on each other, the 
axes of the concave holding surface 32 and the suction 
surface 100 can be aligned with each other. Therefore, 
when the lens blank 10 held on the suction surface 100 
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is loaded onto the concave holding surface 32, the axis 
of the lens blank 10 is aligned with that of the concave 
holding surface 32. The lens blank 10 thus loaded onto 
the concave holding surface 32 can be subjected to the 
cutting operation for forming the back curved surface 26 
of the intended ocular lens with high accuracy, without 
an additional step of aligning the lens blank 10 with the 
lens blank holder 20. For aligning the axes of the con- 
cave holding surface 32 and the suction surface 100 
with each other by the abutting contact of the first and 
second abutting surfaces 120, 118 described above, it 
is desirable that the loader/unloader 80 be supported 
such that it is displaceable relative to the spindle 22 in 
the radial direction over a small distance when the first 
and second abutting surfaces abut on each other. \ 
[0079] By using the suckers 96 having respective dif- 
ferent suction surfaces, the loader/unloader 80 of the 
present invention can be used throughout the process 
of producing the ocular lens, e.g. , a) when the lens blank 
10 is unloaded from the spindle 22 of the back surface 
cutting device after the formation of the back curved sur- 
face 26- b) when the lens blank 10 unloaded from the 
spindle 22 of the back surface cutting device is subse- 
quently loaded onto the spindle of the front surface cut- 
ting device a^ter the lens blank is turned over, and c) 
when the lens blank 10 is unloaded from the spindle of 
the front surface cutting device after the formation of the 
front curved surface. In particular, the lens blank 10 
whose back surface 1 2 has been cut to form the back 
curved surface 26 can be easily and promptly attached 
to the spindle of the front surface cutting device with high 
positioning accuracy, for effecting the cutting operation 
on the thus produced intermediate lens blank 1 0 to form 
the front curved surface. 

[0080] While the present invention has been de- 
scribed in detail in its presently preferred embodiments, 
it is to be understood that the invention is not limited to 
the details of the illustrated embodiments, but may be 
embodied with various changes, modifications and im- 
provements, which may occur to those skilled in the art, 
without departing from the spirit and scope of the inven- 
tion defined in the attached claims. 
[0081] In the present method of producing an ocular 
lens wherein the lens blank is supported on the spindle 
of the front or back surface cutting device by suction of 
the negative pressure applied thereto, the lens blank 
can be easily and quickly attached to and removed from 
the spindle, thereby improving production efficiency of 
the ocular lens. In particular, the lens blank is supported 
on the spindle of the back surface cutting device in such 
a manner that the tapered surface of the lens blank fits 
the tapered holding surface provided on the spindle of 
the cutting device, whereby the lens blank can be accu- 
rately positioned relative to the cutting device and re- 
tained in position with high stability, so as to improve the 
working accuracy. Moreover, the lens blank is directly 
held on the holding surface provided on the spindle of 
the cutting device, without a bonding adhesive layer in- 



terposed therebetween, whereby the thickness of the 
lens blank can be easily and accurately adjusted to a 
desired value of an intended ocular lens. 
[0082] In the present lens blank holder used for the 
s back surface cutting operation on the lens blank, the 
front surface of the lens blank is held directly on the ta- 
pered holding surface of the lens blank holder under the 
negative pressure applied thereto, so that the lens blank 
can be positioned relative to the cutting device with high 
10 accuracy, and retained in an appropriate position with 
high stability, to thereby improve the accuracy and effi- 
ciency of the cutting operation on the lens blank for form- 
ing the back curved surface of the ocular lens. 
[0083] In the present lens blank holder used for the 
is front surface cutting operation on the lens blank, the 
substantially entire area of the back surface of the lens 
blank, which has been cut to form the back curved sur- 
face of the intended ocular lens is held directly on the 
holding surface of the lens blank holder under the neg- 
20 ative pressure applied thereto, so that the intermediate 
lens blank can be retained in an appropriate position 
with high stability, to thereby improve the accuracy and 
efficiency of the cutting operation on the lens blank for 
forming the front curved surface of the ocular lens. 
2S [0084] The loader/unloader constructed according to 
the present invention is used in combination with the cut- 
ting device adapted to hold the lens blank on the holding 
surface provided on the spindle by application of the 
negative pressure to the lens blank. According to this 
arrangement, the lens blank can be smoothly loaded on 
and unloaded from the cutting device. Thus, the lens 
blank can be easily and quickly attached to and removed 
from the cutting device with high positioning accuracy, 
to thereby significantly improve the productivity of the 
ocular lens. 



Claims 

1. A method of producing an ocular lens, comprising 
the steps of: 

preparing a lens blank (10) which gives an oc- 
ular lens, said lens blank having a concave 
back surface (12) and a convex front surface 
(14), at least a portion of said front surface be- 
ing tapered to give a tapered surface (16); 
forming a back curved surface (26) of said oc- 
ular lens by effecting a cutting operation on said 
concave back surface of said lens blank, while 
said lens blank is supported on a spindle (22) 
of a back surface cutting device such that said 
tapered surface of said lens blank is drawn onto 
a tapered holding surface (32) of said spindle 
under a negative pressure applied to said lens 
blank, said tapered holding surface folbwing a 
profile of said tapered surface of said lens 
blank; and 



35 



40 



45 



SO 



14 



BNSDOCID <EP 0897777A2 I > 



27 



EP 0 897 777 A2 



28 



forming a front curved surface of said ocular 
lens by effecting a cutting operation on said 
front surface of said lens blank whose back sur- 
face has been cut to form said back curved sur- 
face (26), while said lens blank is supported on 
a spindle (46) of a front surface cutting device 
such that said back curved surface (26) of said 
lens blank is drawn onto a holding surface (56) 
of said spindle (46) of said front surface cutting 
device under a negative pressure applied to 
said lens blank. 

2. A method according to claim 1, wherein said lens 
blank includes a flat surface (18) formed at a central 
portion of said front surface thereof, which flat sur- 
face is perpendicular to an axis of said lens blank. 

3. A method according to claim 1 or 2, wherein a taper 
angle of said tapered surface (1 6) of said lens blank 
is in a range of 80°-160°. 

4. A lens blank holder (20) for holding a lens blank (1 0) 
which gives an ocular lens during a cutting opera- 
tion oh a concave back surface (12) of said lens 
blank to (orm a back curved surface (26) of said oc- 
ular lens, said lens blank further having a convex 
front surface (14) at least a portion of which is ta- 
pered to give^ tapered surface (16), said lens blank 
holder having a concave holding surface (32) for 
contact with said front surface of said lens blank for 
holding said lens blank thereon, said lens blank 
holder being mounted on a back surface cutting de- 
vice for cutting said concave back surface of said 
lens blank, so that said lens blank is supported on 
said back surface cutting device, said lens blank 
holder comprising: 

a first portion (36, 38) having a tapered holding 
surface (32) which gives at least a portion of 
said concave holding surface and which follows 
a profile of said tapered surface (16) of said 
convex front surface (14) of said lens blank 
(10), said lens blank being positioned relative 
to said lens blank holder such that said tapered 
surface of said lens blank contacts said tapered 
holding surface of said lens blank holder; and 
a second portion (34) having at least one air 
passage (33) which is open in said concave 
holding surface (32), said convex front surface 
(14) of said lens blank being drawn onto said 
concave holding surface under a negative pres- 
sure applied through said at least one air pas- 
sage. 

5. A lens blank holder according to claim 4, wherein 
said concave holding surface (32) for contact with 
said convex front surface (14) of said lens blank has 
a frictional area (38) which is formed of a material 
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having a friction coefficient higher than that of the 
other area of said concave holding surface, so that 
said frictional area functions as a fixing surface for 
preventing displacement of said lens blank. 

A lens blank holder according to claim 5, wherein 
said fixing surface is located at an outer peripheral 
portion of said concave holding surface. 

A lens blank holder according to any one of claims 
4-6, wherein said concave holding surface (32) in- 
cludes a recessed central portion (33), and said ta- 
pered holding surface which surrounds said re- 
cessed central portion contacts said front surface 
of said lens blank. 

A lens blank holder according to any one of claims 
4-7, wherein said lens blank holder is a cylindrical 
structure which includes: a mounting portion (30) 
formed at one of opposite axial ends thereof, and 
at which said lens blank holder is fixed to said back 
surface cutting device: said first portion (36, 38) 
having said tapered holding surface (32) at the oth- 
er axial end; and said second portion (34) having 
said at least one air passage (33) which is formed 
in the axial direction of said lens blank holder and 
which is open in a central portion of said concave 
holding surface. 

A lens blank holder (44) for holding an intermediate 
lens blank (10) during a cutting operation on a con- 
vex front surface (14) of said lens blank to form a 
front curved surface of an ocular lens, said interme- 
diate lens blank further having a concave back 
curved surface (26) which has been formed by cut- 
ting, said lens blank holder including a convex hold- 
ing surface (56) for contact with said lens blank for 
holding said intermediate lens blank thereon, said 
lens blank holder being mounted on a front surface 
cutting device for cutting said convex front surface 
of said intermediate lens blank, so that said inter- 
mediate lens blank is supported on said front sur- 
face cutting device, said lens blank holder compris- 
ing: 

a first portion (60, 62) having said convex hold- 
ing surface (56) which has different radii of cur- 
vature at a central portion thereof and an outer 
peripheral portion thereof, said convex holding 
surface following a profile of said concave back 
curved surface of said intermediate lens blank; 
and 

a second portion (58, 62) having at least one 
air passage (64, 66, 68, 70, 72, 74) which is 
open in said convex holding surface, said con- 
cave back curved surface of said intermediate 
lens blank being drawn onto said convex hold- 
ing surface under a negative pressure applied 
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through said at least one air passage. 

10. A lens blank holder according to claim 9, wherein 
said convex holding surface (56) has an annular 
groove (74) formed at a boundary between said s 
central portion and said outer peripheral portion 
thereof. 

11. A lens blank holder according to claim 9 or 10, 
wherein said convex holding surface onto which 10 
said concave back curved surface of said interme- 
diate lens blank is drawn has a frictional area which 

is formed of a material having a friction coefficient 
higher than that of the other area of said convex 
holding surface, so that said frictional area function^ is 
as a fixing surface for preventing displacement of 
said intermediate lens blank. 

12. A lens blank holder according to claim 11 , wherein 
said fixing surface is located at said outer peripheral 20 
portion of said convex holding surface which has a 
radius of curvature different from that of said central 
portion. 

1 3. A lens bfarik holder according to any one of claims 2s 
9-12, wherein said lens blank holder is a cylindrical 
structure which includes: a mounting portion (52) 
formed at one of opposite axial ends thereof, at 
which said lens blank holder is fixed to said front 
surface cutting device; a main body (58) which f unc- 30 
tions as a part (60) of said first portion (60, 62) and 

a part (58) of said second portion (58, 62); and a 
sleeve member (62) which is formed of a material 
different from that of said main body and and which 
is fitted on an axial end portion of said main body 35 
remote from said mounting portion, said sleeve 
member cooperating with said main body to consti- 
tute said first and second portions, said outer pe- 
ripheral portion of said convex holding surface be- 
ing provided by an axial end face of said sleeve 40 
member remote from said mounting portion, and 
functioning as a fixing surface for preventing dis- 
placement of said intermediate lens blank on said 
convex holding surface, said at least one air pas- 
sage (64, 66, 68, 70, 72, 74) .including at least one 45 
opening (70, 74) which is open in said convex hold- 
ing surface, at an interface between said main body 
and said sleeve member. 

1 4. A loading and unloading device (80) for loading and so 
unloading a lens blank (10) which gives an ocular 
lens, on and from a cutting device for effecting a 
cutting operation on a front surface (12) or a back 
surface (14, 26) of said lens blank, said cutting de- 
vice including a spindle (22, 46) and having a first 55 
holding surface (32, 56) provided on said spindle 
thereof, said lens blank being drawn onto said first 
holding surface under a negative pressure applied 



thereto during said cutting operation, said loading 
and unloading device loading and unloading said 
lens blank on and from said first holding surface, 
said loading and unloading device comprising: 

a sucker (96) having a second holding surface 
(100) which is opposed to said first holding sur- 
face of said cutting device and on which said 
lens blank is initially held under a negative pres- 
sure applied thereto, said sucker and said cut- 
ting device being movable relative to each other 
so that said second holding surface is movable 
toward and away from saidfirst holding surface; 
negative pressure controlling means for con- 
trolling said negative pressure to be applied to 
said lens blank, so that said lens blank is loaded 
on and unloaded from said first holding surface 
when said first and second holding surfaces are 
located adjacent to each other; and 
centering means for aligning axes of said first 
and second holding surfaces with each other, 
said centering means having a first tapered an- 
nular abutting surface (118) disposed axially 
adjacent to and radially outwardly of said first 
holding surface, and a second tapered annular 
abutting surface (120) disposed axially adja- 
cent to and radially outwardly of said second 
holding surface, said first and second tapered 
annular abutting surfaces (118, 120) being 
abuttable on each other to align said axes of 
said first and second holding surfaces when 
said first and second holding surfaces are 
moved toward each other, said first and second 
tapered annular abutting surfaces being moved 
relative to each other during a relative move- 
ment of said sucker and said cutting device. 

15. A loader and unloader according to claim 14, 
wherein said sucker has at least one air passage 
(1 06) open in said suction surface ( 1 00) for applying 
said negative pressure to said lens blank. 

16. A loader and unloader according to claim 14 or 15, 
wherein said first and second holding surfaces 
(1 00; 32, 56) are axially spaced apart from each oth- 
er when said first and second tapered abutting sur- 
faces (120, 118) are held in abutting contact with 
each other, such that an axial distance between 
said front or back surfaces of said lens blank (10) 
held by one of said first and second holding surfac- 
es, and the other of said first and second holding 
surfaces is about 0.1 mm. 
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(54) Method of producing ocular lens and holders for holding lens blank during cutting thereof 

(57) A method of producing an ocular lens, compris- 
ing the steps of: (a) preparing a lens blank (10) which 
gives an ocular lens, the lens blank having a concave 
back surface (12) and a convex front surface (14), at 
least a portion of the front surface being tapered to give 
a tapered surface (16); (b) forming a back curved sur- 
face (26) of the ocular lens by effecting a cutting oper- 
ation on the concave back surface of the lens blank, 
while the lens blank is supported on a spindle (22) of a 
back surface cutting device such that the tapered sur- 
face of the lens blank is drawn onto a tapered holding 
surface (32) of the spindle under a negative pressure 
applied to the lens blank, the tapered holding surface 
following a profile of the tapered surface of the lens 
blank; and (c) forming a front curved surface of the oc- 
ular lens by effecting a cutting operation on the front sur- 
face of the lens blank whose back surface has been cut 
to form the back curved surface (26), while the lens 
blank is supported on a spindle (46) of a front surface 
cutting device such that the back curved surface (26) of 
the lens blank is drawn onto a holding surface (56) of 
the spindle (46) of the front surface cutting device under 
a negative pressure applied to the lens blank. 
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